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(54) Method and device for validating security papers 



(57) Based on the incorporation in the security pa- 
per (1 ) of fibrils (2) of different colours, for example red, 
green and blue, visible with ultraviolet light, the paper is 
subjected to the effect of a system of illumination (2), 
with fluorescent lamps with ultraviolet radiation, and the 
images are captured by a video camera (4) the lens of 
which is provided with at least a filter (6) which lets pass 
exclusively the visible component of the spectrum, 
which feeds the images to a computer (5), provided with 
an acquisition card, computer in which a histogram is 
prepared of the images to obtain the most appropriate 
colour intervals, subsequently a threshold calculation to 
colour the pixels of the image which fall within the colour 
intervals corresponding to the fibrils of each colour, next 
an elimination of small particles from the image with a 
number of pixels lower than that predetermined, subse- 
quently erosions and dilations to connect and to sepa- 
rate particles, subsequently a convolution stage, to 
highlight or to soften different aspects of the image, next 
a morphological analysis to establish the different con- 
trol parameters, and finally the validation of the image 
with the objective of the system being capable of count- 
ing the fibrils incorporated in the security paper. 
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Description 

OBJECT OF THE INVENTION 

[0001] The present invention relates to a control pro- 
cedure that has been specially conceived to guarantee, 
by means of a specific characterisation, the paper used 
in the obtaining of different types of documents, like for 
example banknotes, in order to render impossible or 
more difficult potential counterfeiting thereof, based on 
the insertion inside the same of fibrils of different colours 
and in certain proportions. 

[0002] The invention also concerns the device which 
allows the performance of said control and, in conse- 
quence, validation of the security paper as such. 

BACKGROUND OF THE INVENTION 

[0003] In the field of security paper, a great many so- 
lutions are known intended to characterise or personal- 
ise the same, which make more difficult its production 
or copying in a fraudulent way. 
[0004] Within the multiple solutions of which mention 
has just been made, one of them consists in using fibrils 
which are included in the paper pulp, during the manu- 
facturing process thereof, coloured, invisible with natu- 
ral light but visible with ultraviolet light, so that by means 
of a certain combination of colours, like for example by 
means of the participation of fibrils of red, green and 
blue, in certain proportions, the intended personaliza- 
tion is achieved. 

[0005] To date the validation of security paper with 
these components is carried out in a manual way, con- 
ducting a kind of sampling on some documents, using 
for this an appropriate ultraviolet light source and pro- 
ceeding to the visual detection of the presence of fibres 
of the different colours and the counting thereof. 
[0006] Obviously this solution is slow and laborious, 
with a high risk of error in the counting of the fibrils and 
with samplings which are frequently of scant signifi- 
cance, since the inherent laboriousness of the process 
does not admit the use of a high number of samples. 
[0007] On the other hand and although the counting 
of the fibrils of each colour can be exact, using for this 
the time that is necessary, the uniformity or homogeneity 
in the distribution thereof depends on the criterion of 
each person that is carrying out the work, which does 
not allow an adequate precision in the control of this pa- 
rameter. 

DESCRIPTION OF THE INVENTION 

[0008] Based on the use of fibrils of different colours 
visible only in ultraviolet light, the procedure of the in- 
vention consists in using a video camera as means of 
receiving the images, with its lens equipped with filters 
which permit the suppression of large peaks which are 
produced due to the radiation of the illuminating lamps, 



so that the light response of the fibrils covers the whole 
visible spectrum, different wavelengths are produced 
within the near infrared. The image captured by the 
aforementioned video camera is applied to a computer 
5 equipped with an acquisition card, with its correspond- 
ing computer program, wherein by means of a digital 
process the different fibres of the paper are analysed, 
separated and counted, in their aforementioned differ- 
ent colours. 

10 [0009] In more specific terms, the following operation- 
al steps are carried out in the computer: 

Histogram of the image. Starting from the histogram 
for each group of red, green and blue fibrils, the 
15 most appropriate colour interval is obtained, that is, 
the interval of said histogram is maximised, sequen- 
tially for each of the three colours. 

Next the threshold calculation is carried out, that is, 
20 for the colouring of the pixels of the image which fall 
within the colour interval corresponding to each fibril 
group, in the also corresponding colour thereof, 
whilst the pixels that fall outside said intervals 
change to black. 

25 

Next the subtraction takes place of the particles of 
the image that are of a size smaller than a prede- 
termined number of pixels, so that noise and dust 
specks are eliminated, among other perturbations. 

30 

Erosion and dilation are subsequently carried out, 
the objective of which is, on one hand to connect 
particles which being single have become separat- 
ed in the image, and on the other to separate those 
35 that have been joined. 

Convolutions are subsequently carried out, apply- 
ing filters (high pass, low pass) to highlight or to 
smooth different aspects of the image. 

40 

Next a morphological analysis is carried out which 
allows the number of fibres of each colour to be dis- 
covered, as well as other parameters such as size, 
position, centre of gravity, etc. 

45 

Finally the validation is performed of the image n 
accordance with the established program, which 
permits determination of whether the sample taken 
is or is not within the specifications, to be accepted 
so or rejected. 

[0010] The device for the performance of the men- 
tioned procedure incorporates a system of illumination 
provided with two light panels with several fluorescent 
55 lamps with ultraviolet radiation, one of them located un- 
der the sheet of paper, to obtain backlighting, and the 
other placed in one of the lateral walls of the device, in 
a position perpendicular to the sheet, so that with the 
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help of a mirror located on the opposite face, a frontal 
and diffuse illumination is obtained. Logically, the device 
is provided with switches for general off/on purposes 
and for independent operation of each of the panels, in 
order to obtain two different illuminations to allow visu- 
alisation of both the figures located nearer one of the 
faces of the sheet and the figures which are deeper and 
therefore more difficult to visualise with a single source 
of illumination. 

[0011] The device also incorporates a CCD camera, 
with adjustment of gain, colour temperature and refer- 
ence white, with the aforementioned filter which only al- 
lows the visible component of the spectrum to pass, sup- 
pressing the infrared and ultraviolet components. Said 
camera sends the image captured in compound video 
format to the acquisition card incorporated in the com- 
puter, which allows adjustment of brilliance, contrast 
and saturation of image. 

DESCRIPTION OF THE DRAWINGS 

[0012] To complete the description that is being made 
and with the object of assisting in a better understanding 
of the characteristics of the invention, in accordance 
with a preferred example of practical embodiment there- 
of, accompanying said description as an integral part 
thereof, is a set of drawings in which, by way of illustra- 
tion and not restrictive ly, the following has been repre- 
sented: 

Figure 1 shows, according to a schematic represen- 
tation, the device for the control of security paper 
which the invention proposes. 

Figure 2 shows, according to a view in perspective, 
a specific example of practical embodiment for the 
device of the previous figure. 

Figure 3 shows, finally, a block diagram correspond- 
ing to the procedure of the invention. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0013] In figure 1 a paper piece has been represented 
(1 ) with fibrils (2) of the aforementioned, red, green and 
blue colours, fibrils which will be visualized with the col- 
laboration of ultraviolet light panels (3)the radiation from 
which is located in the range between 300 and 420 nm, 
this being the most appropriate radiation to produce a 
light response of the different fibrils, whereby the re- 
sponses in wavelength are the following: 

Red fibres: 400 < 1 < 450 nanometres 

Green fibres: 450 < 1 < 550 nanometres 

- Blue fibres: 550 < 1 < 680 nanometres. 



[0014] Thus, the light response of the fibrils covers the 
whole visible spectrum. 

[0015] The image produced on the paper (1 ) by the 
aforementioned illumination forthe fibrils (2) is captured 
5 by a camera (4) and fed to a computer (5) equipped with 
a data acquisition card. 

[0016] The video camera (4) incorporates in front of 
its lens a filter (6), to receive strictly or exclusively the 
images corresponding to the visible spectrum. 

10 [0017] From the practical point of view and as figure 
2 shows, the device is materialised in a casing (7) wher- 
eon un upper platform (8) is defined with a transparent 
area (9), for installation of the paper (1), under which is 
located a luminous panel (10) with several fluorescent 

15 lamps with ultraviolet radiation, in order to achieve back- 
lighting of said paper (1 ), being mounted on the casing 
(7) and more specifically on the aforementioned area 
(9), a tower (11), vertically fluted, which is closed by 
means of a lateral cover (12), said tower (11) housing, 

20 at a lower level, a second luminous panel (13) of char- 
acteristics similar to that previously mentioned (10), 
which is located in a position perpendicular to the paper 
sheet (1), in such a way that with a mirror (14) located 
inside the cover (12) a frontal and diffuse illumination of 

25 the paper is obtained, collaborating with these luminous 
panels (10) and (13) is a control keyboard (15) also 
mounted on the upper base of the aforementioned cas- 
ing (7). 

[0018] In the upper area of the tower (11 ) and in a sit- 
30 uation perpendicular to the paper sheet (1), the CCD 
camera (4) is located with its corresponding filter. 
[0019] In a more specific manner the camera (4) will 
be a 3-CCD camera, with gain adjustment in RGB, and 
as previously stated with colour temperature and refer- 
35 ence white among others, as well as with a filter which 
allows only the visible component of the spectrum to 
pass, suppressing the infrared and ultraviolet compo- 
nents. 

[0020] The image captured in the camera (4) is sent, 
40 in composite video format, to the acquisition card of the 
computer (5), which allows adjustment of brilliance, con- 
trast and saturation of the captured image. The image 
is captured at 24 bits (RGB) and with uncompressed 
BMP format. 

45 [0021] The captured image is conditioned in the com- 
puter (5), applying different digital processes. 
[0022] In a more specific manner and as is shown in 
the block diagram of figure 3, a histogram is first ob- 
tained of the image (16) for each group of red, green 

50 and blue fibrils, from which the most appropriate HSL 
(Hue, Saturation, Lightness) colour interval is extracted, 
specifically in the following manner: 

- The histogram (H) is obtained of the image for the 
55 red fibrils. 

- Within a precisely defined area (with a certain safety 
margin) the interval is sought where said histogram 
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reaches maximum. 

The two previous steps are repeated for the histo- 
grams (S) and (L). 

The process is repeated for the green fibrils and lat- 
er for the blue ones. 

- At the end an HSL interval is obtained for each fibril 
group with a procedure which is dynamic, that is, 
the interval obtained varies for each image, where- 
by the fibre search is optimised. 

[0023] Subsequently a threshold calculation (17) is 
carried out, consisting in putting for the corresponding 
colour (red, green or blue) the pixels of the image which 
fall within the HSL intervals corresponding to the fibril 
group, whilst the pixels which are outside said intervals 
change to black. 

[0024] Next a phase (18) of particle elimination takes 
place wherein the image particles are removed which 
have a size smaller than a certain number of pixels, in 
order to eliminate noise and dust specks, among other 
sources of interference. 

[0025] Subsequently an erosion and dilation stage 
(1 9) is carried out, the objective of which is, on one hand 
to connect particles which being single have been sep- 
arated in the image, and on the other hand to separate 
those that have been joined. 

[0026] A convolution phase (20), applying different fil- 
ters (high pass, low pass) allows highlighting or soften- 
ing of different aspects of the image. 
[0027] A morphological analysis (21) serves to dis- 
cover the number of fibres of each colour, as well as 
other parameters like the size of the fibres, position, cen- 
tre of gravity, etc. 

[0028] Finally a validation (22) of the image is carried 
out, in accordance with a series of rules previously es- 
tablished so that the program can determine whether 
the sample analysed is or is not inside the specifications, 
thereby being accepted or rejected. 
[0029] Before carrying out an analysis it is necessary 
to adjust certain parameters, specifically the illumina- 
tion, and the positioning and size of the picture to be 
captured. 

[0030] The adjustment of the illumination is carried 
out by means of a colour master, in such a way that for 
said master a certain HSL response has to be achieved. 
If the illumination is inadequate, the response will fall 
outside acceptable limits. 

[0031] To fix the position and size of the image to be 
captured it is necessary to focus on a square calibrated 
to the size it is desired to capture, in such a way that the 
image is perfectly focused inside said square and with 
the limits thereof on the border of the captured image. 
In this way the pixels/nm ratio will always be the same 
when carrying out the morphological analysis. 
[0032] For the actual analysis of the fibrils and after 



introducing the paper sheet ( 1 ) to be analysed under the 
system of illumination (3) one proceeds, by means of 
the program, to capture the image. Automatically said 
image will be analysed counting the number of fibrils of 

5 each colour and displaying them on screen. Additionally 
other results can be given, like the mean size of the fi- 
bres, the density of fibres and the percentage surface 
area occupied by them, among others. Both the image 
captured and the analysis performed can be stored and 

10 recovered later. 



Claims 

*5 1. Procedure for control of security paper, which 
based on the use of fibrils of different colours, pref- 
erably red, green and blue, invisible in natural light, 
embedded in the paper, for subsequent visual de- 
tection thereof by means of illuminating the paper 
with ultraviolet light, is characterised in that it is 
capable of counting the fibrils present in the security 
paper, using for this as means of capturing the im- 
age of the fibrils (2) on the paper (1 ) a video camera 
(4) which feeds said images to a computer (5), pro- 
vided with an acquisition card which allows adjust- 
ment of the brilliance, contrast and saturation of the 
captured image, at 24 bits and with uncompressed 
BMP format, the image captured being conditioned 
by means of the following digital processes: 

obtaining, from the histogram of the image (16) 
for each group of red, green and blue fibrils, the 
most appropriate HSL (hue-saturation-light- 
ness) colour interval, processing to obtain, in- 
dependently and within each colour, the histo- 
gram for the gain, for the saturation and for the 
lightness with maximum value interval; 

- threshold calculation (17), consisting in provid- 
ing the pixels of the image with the correspond- 
ing colour (red, green or blue), which fall within 
the HSL intervals corresponding to each group 
of fibrils (red, green or blue), whilst the pixels 
that fall outside said intervals change to black; 

- subtraction (18) of the particles of the image 
that have a size smaller than a certain number 
of pixels to eliminate noise and dust specks, 
among other sources of interference; 

erosions and dilations (19) to connect particles 
which being single have been separated in the 
image and to separate those which have been 
joined; 

- convolutions (20), applying different filters (high 
pass, low pass), to highlight or to soften differ- 
ent aspects of the image; 
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- morphological analysis (21) to discover the 
number of fibres of each colour, as well as other 
parameters such as size of the fibres, position, 
centre of gravity or others; 

5 

- validation (22) of the image in accordance with 
a series of rules pre-established so that the pro- 
gram can determine whether the sample ana- 
lysed is or is not inside the specifications, 
whereby it is accepted or rejected. 10 

2. Device for the performance of the procedure for 
control of the previous claim, characterised in that 
therein participate a system of illumination (3) of the 
paper (1 ) bearer of the coloured fibrils (2), a camera * 5 
(4), as means of acquisition of images, and a com- 
puter (5) provided with an acquisition card. 

3. Device, according to claim 2, characterised in that 

it incorporates a casing (7), provided with an upper 20 
platform (8) wherein is established a transparent ar- 
ea (9) for location of the paper (1), under which a 
luminous panel (10) is mounted, with several fluo- 
rescent lamps with radiation in ultraviolet, which il- 
luminates the paper (1) with backlighting, arising 25 
from said platform (8) a tower (11) in which is 
housed, at a lower level a second luminous panel 
(13), similar to the previous one, in a perpendicular 
position with respect to the platform (8) and with 
which a mirror (14) collaborates, said mirror located 30 
in the opposed face of the tower (11), preferably in 
the cover (12) for closing the same, so that through 
this mirror (14) a frontal and diffuse illumination of 
the paper is achieved, whilst in the upper area of 
the tower the video camera (4) is mounted, in a dis- 35 
position perpendicular to the platform (8) and with 
its lens accompanied by at least a filter which only 
allows the visible component of the spectrum to 
pass, eliminating the infrared and ultraviolet com- 
ponents. 40 

4. Device, according to claims 2 and 3, characterised 
in that the camera (4) is a 3-CCD camera, with ad- 
justment of RGB gain, colour temperature and ref- 
erence white among others. 45 

5. Device, according to previous claims, character- 
ised in that the system of illumination (3-10, 13), is 
accompanied by a control keyboard (15) which al- 
lows general off/on switching and the independent so 
powering of each of the luminous panels (10-13). 

6. Computer program for the performance of the pro- 
cedure of claim 1. 

55 
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(57) Based on the incorporation in the security pa- 
per (1) of fibrils (2) of different colours, for example red, 
green and blue, visible with ultraviolet light, the paper is 
subjected to the effect of a system of illumination (2), 
with fluorescent lamps with ultraviolet radiation, and the 
images are captured by a video camera (4) the lens of 
which is provided with at least a filter (6) which lets pass 
exclusively the visible component of the spectrum, 
which feeds the images to a computer (5), provided with 
an acquisition card, computer in which a histogram is 
prepared of the images to obtain the most appropriate 
colour intervals, subsequently a threshold calculation to 
colourthe pixels of the image which fall within the colour 
intervals corresponding to the fibrils of each colour, next 
an elimination of smail particles from the image with a 
number of pixels lower than that predetermined, subse- 
quently erosions and dilations to connect and to sepa- 
rate particles, subsequently a convolution stage, to 
highlight or to soften different aspects of the image, next 
a morphological analysis to establish the different con- 
trol parameters, and finally the validation of the image 
with the objective of the system being capable of count- 
ing the fibrils incorporated in the security paper. 
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